Food deprivation has been found to stimulate cell proliferation in the gastric mucosa of suckling rats, whereas the weanling period has been reported to be unresponsive in terms of proliferative activity. In the present study we analyze regional differences in the effect of milk or food deprivation on cell proliferation of the epithelia of the esophagus and of five segments of small intestine in suckling, weanling and newly weaned Wistar rats of both sexes. DNA synthesis was determined using tritiated thymidine to obtain labeling indices (LI); crypt depth and villus height were also determined. Milk deprivation decreased LI by 50% in the esophagus (from 15 to 8.35%) and small intestine (from 40 to 20%) of 14-day-old rats. In 18-day-old rats, milk and food deprivation decreased LI in the esophagus (from 13 to 5%) and in the distal segments of the small intestine (from 36-40 to 24-32%). In contrast, the LI of the epithelia of the esophagus (5%) and of all small intestine segments (around 30%) of 22-day-old rats were not modified by food deprivation. Crypt depth did not change after treatment (80 to 120 µm in 14-and 22-day-old rats, respectively). Villus height decreased in some small intestine segments of unfed 14-(from 400 to 300 µm) and 18-day-old rats (from 480 to 360 µm). The results show that, contrary to the stomach response, milk deprivation inhibited cell proliferation in the esophagus and small intestine of suckling rats, demonstrating the regional variability of each segment of the gastrointestinal tract in suckling rats. In newly weaned rats, food deprivation did not alter the proliferation of these epithelia, similarly to the stomach, indicating that weanling is a period marked by the insensitivity of gastrointestinal epithelia to dietary alterations.
Introduction
Milk contains relatively large amounts of hormones and growth factors (1) . Many of these peptides have been suggested to stimulate the development of the gastrointestinal tract in newborn and weanling rats (2) . At the same time, we have demonstrated the action of inhibitory hormones, present in milk, on cell proliferation of the gastric epithelium (3) . Furthermore, milk restriction during suckling increased proliferative indices in the stomach (4) . During weanling, however, food restriction had no effect on the proliferative activity of gastric epithelium (5) .
It is well known that food deprivation inhibits gastric (6, 7) and intestinal epithelial cell proliferation in adult rats (8, 9) . The size of the crypts and villi (9) , the migration rate (10) , and the crypt cell production rate (11) are also decreased in food-deprived adult rats. These starvation-induced hypoproliferative responses have been attributed to the increase in cell cycle time (11).
Few studies have examined the effect of food (or milk) deprivation on cell proliferation of suckling rats. A recent study on the intestinal mucosa demonstrated that starvation of 12-and 13-day-old rats decreased the migration rate; however, DNA incorporation of [ 3 H]-thymidine after 16 h of milk deprivation was similar to control values for the intestine of 12-day-old suckling rats (12) .
The esophagus of the rat has received much less attention. Recently, the ultrastructure of the fetal and neonatal esophageal epithelium of the mouse was described in detail but only the proliferative indices of the fetal epithelium were measured (13) .
In an attempt to understand the unexpected stimulation of proliferation of the gastric mucosa, in the present study we compared the effects of milk or food restriction on the esophagus and five segments of small intestine epithelia at different times in suckling, weanling and newly weaned rats. Cell proliferation was assessed by the DNA synthesis index and by estimation of the size of proliferative compartments.
Material and Methods

Animals
Pregnant Wistar rats were obtained from our animal colony (Institute of Biomedical Sciences). The birth date was taken as day 0 and litters were culled to eight animals on the second day. The animals were kept at room temperature on a natural light period from about 5:30 to 18:30 h. All suckling and weanling pups were allowed to stay with the dam until the time of milk or food deprivation treatment. Two groups of two or three animals were obtained from each litter; one remained with the mother and the other was housed in paper boxes (14 days) or wire cages (18 and 21 days). Sometimes, only two or four animals of one litter were utilized in fed and unfed pairs to avoid overfeeding. The animals were kept warm (temperature 20-25 o C), had their bellies manipulated to aid urine expulsion and were given water manually. Suckling (14-day-old) and weanling (18-day-old) rats were starved for 18 and 20 h, respectively, before the experiment. The 22-day-old rats were weaned on the 20th day and food deprived for 24 h.
Organ preparation
Rats were injected ip with [ 3 H]-thymidine at 37 kBq/g body weight, specific activity 0.74 tBq/mmol (Amersham, UK) at 9:00 h. The animals of both fed and unfed groups were killed one hour after injection. The distal segment of the esophagus and the entire small intestine were removed. The length of small intestine was measured and five short segments were taken at 0-1%, 25%, 50%, 75% and 100% of the whole length of the organ, 0-1% corresponding to duodenum; this procedure is useful for comparative purposes between the different ages, avoiding differences due to growth. The samples were opened laterally on small cards, fixed in Carnoy for 6 h and embedded in hydroxyethyl methacrylate (LKB-Technovit 7100). Sections of 2 µm were processed for the autoradiographic technique. Slides were covered with photographic emulsion (Ilford K5), stored in light-proof boxes at 4 o C for 4 weeks, developed with Kodak D19b, fixed and rinsed in distilled water. The samples were stained with hematoxylin-eosin. Labeling indices (LI) were obtained for the proliferating compartments. For the esophagus, this coincided with the basal layer of the epithelium and in the small intestine the whole crypt was used for the counting. Only crypts cut lengthwise were used for random counts. In order to assess changes in LI in regions of the crypt, spatial distribution curves were obtained, and the crypts were divided into arbitrary zones according to the lines of an integration eyepiece (Zeiss No. 1); these lines limited spaces or zones that were used to determine the LI for each zone. Fourteenday-old crypts contained 4 zones; due to growth, 18-and 22-day-old crypts had 5 zones. A single observer counted about 2,500 epithelial cells per segment per animal to obtain the LI. The crypt depth and villus height were determined in longitudinally sectioned material by the image analysis system (Mini-Mop, Kontron, Germany), using the same samples that were used to obtain the LI. A single observer measured 20 crypts and 10 villi from each site in each animal.
Statistical analysis
Differences between groups (food-deprived and control) were determined by the Student t-test. Within group differences were evaluated by one-way analysis of variance (ANOVA) and the differences associated with age or with intestinal segments were determined. Post-ANOVA tests were performed in these groups. The functional relationship between crypt depth or villus height and body weight was estimated by regression analysis (14) . Regression curves were prepared for each small intestine segment and then presented as a single curve. The slopes obtained were compared for significant differences between treatments by the Student t-test (14) . The level of significance was set at P<0.05.
Results
No gross or microscopic injury occurred after food deprivation. The 14-, 18-and 22-day-old rats lost 16.8%, 11.8% and 9.6% of their body weight, respectively, after food deprivation.
Morphology and labeling index of the esophageal epithelium
At all ages studied the esophageal epithelium was already keratinized. Mitoses were found in the basal layer. The number of layers and thickness of the epithelium of fasted and control rats did not change at the ages studied (data not shown).
Food deprivation decreased the LI in the esophageal epithelium of 14-and 18-dayold rats, and had no effect on 22-day-old rats ( Figure 1 ). In the fed group, the LI of 22-dayold rats was significantly lower than at younger ages, but in the fasted group this parameter was not different (Figure 1 ).
Labeling index of the small intestine
The spatial distribution curves for LI along the crypt demonstrated that the proliferating compartment extended throughout the crypt, both in control and in food-deprived animals, at each age studied. In 14-day-old fed rats, the percentage of labeled cells was small at the first position at the crypt bottom and increased toward the crypt-villus junction, and the LI was higher than in the unfed group in all crypt zones (Figure 2 ). In 18-day-old fed rats, crypt zones 3, 4 and 5 showed higher LI than the unfed group ( Table 1) . The LI of 22-day-old fed rats did not differ Figure 1 -Effect of food deprivation on LI in the esophagus of 14-, 18-and 22-day-old rats. Data are reported as the means ± SD of four or three animals (within parentheses). *P<0.05 compared to control animals (Student t-test).
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* from the unfed group, except for the top crypt zone (Table 1) . Milk deprivation decreased the LI of all small intestine segments in 14-day-old rats ( Figure 3) . In 18-day-old unfed rats, only the LI of the distal segments were significantly lower than in the fed group ( Table 2 ). The LI for 22-day-old fed and unfed rats did not differ significantly in any small intestine segment (Table 2) .
When the LI of the segments were compared within age, only the last intestinal segment (ileum) of 14-day-old fed rats showed lower LI than all other animals in the same treatment ( Figure 3 ).
Measurement of crypt and villus size
Crypt depth did not change after food deprivation (Table 3) , but did increase throughout development, so that the shallowest crypt was seen in 14-day-old rats and the deepest in 22-day-old rats. The villus height of proximal intestinal segments of 14-day-old unfed rats was decreased when compared to the fed group (Table 4) . In 18-dayold unfed rats the villus height of most intestinal segments was shorter than in the fed group (Table 4 ). The villus height of intestinal segments of 22-day-old animals did not differ significantly between treatments (Table  4 ). The villus height was significantly smaller in the last segment (ileum) of 14-and 22-day-old fed rats when compared to other segments and to 18-day-old villi. Indeed, there was a gradual shortening of distal villi in 18-to 22-day-old fed rats (Table 4) .
Relationship between crypt or villus size and body weight
Regression curves were constructed to correlate the growth of the crypt or villus with the growth of the animal. The regression curves for crypt depth and body weight, which include all the small intestine segments, were positive, with significant linear- Figure 3 -Effect of food deprivation on labeling index of small intestine segments of 14-dayold rats. Data are reported as means ± SD of four or three animals (within parentheses). *P<0.05 compared to control animals (Student t-test).
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* (4) ity, in both treatments, but the highest slope and best correlation were obtained for the fed group (Figures 4 and 5) . There was no significant difference between treatments. Villus height did not show dependence on body weight.
Discussion
In the present study the effect of milk or food deprivation on epithelial cell kinetics was investigated in the esophagus and small intestine of suckling and weanling rats. The results clearly demonstrate that milk deprivation inhibits cell proliferation in the esophagus and small intestine of suckling rats, but food deprivation does not alter proliferation in newly weaned rats. The weanling period showed a transition of these effects. The weight loss after food deprivation for 18-20 h was greater in the younger rats but still smaller than the corresponding loss found for adult rats after four days of starvation (10) .
Cell proliferation in the esophageal epithelium has been poorly studied and no studies involving food deprivation have been reported even in adult animals. Adult mice submitted to a low-calorie diet showed a decrease in the labeling index of the esophageal epithelium (15). Raymond et al. (13) observed that the LI of the abdominal (distal) esophageal epithelium of mouse fetuses (18 days of gestation) is 17.9 ± 2. Similar results were obtained in the present study for 14-and 18-day-old fed rats (15.3 ± 3 and 14.0 ± 4.6, respectively).
There was a slight decrease in LI in the intestine of control rats and villus height of distal regions, indicating a proximal-distal gradient, but the differences were only significant in the most distal region (ileum), as reported by other authors for adult animals (16, 17) .
The crypts of young animals are short with less cells than adult crypts, so the cell count in crypt zones is similar to the individual cell count by cell position. Therefore, our distribution curves for the proliferating cell index in the crypts, although not constructed as a cell position LI, provided a rough estimate of LI plotted as a function of zone position in the crypt. Whereas in 14-day-old rats milk deprivation decreased the LI in every crypt zone, at 18 and 22 days the significant differences were concentrated in the zones near the crypt-villus junction. This result may indicate the maturation of crypts from 14 to 18 days, but also suggests a delay in the migration of villus cells, as reflected by the accumulation of cells near the cryptvillus junction.
Crypt depth increased significantly along the ages studied, and villus height was unchanged, in agreement with the normal development of the rat (18) (19) (20) . The heights of the villi were similar from 14 to 22 days of age (18, 19) or even decreased in the distal segments of the intestine (20) . We also observed a slight decrease in the villus height of distal segments from day 18 to day 22. Though the area of the villi, which provides the best stereological estimate of villus shape (21), was not measured in this study, the increase in villus length or width would have been significant only by day 24 (19) .
The size of the proliferative compartment, estimated by crypt depth, remained constant both in fed and food-deprived animals in our study. However, due to the reduction in LI in the milk-deprived suckling rats, the transit time through proliferative and maturation compartments should also be decreased, as indicated by the reduction of villus height. The reduction of LI in suckling rats could be due to an increase in cell cycle time or to some cells escaping from the cell cycle to G 0 , as observed in adult animals (10) . On the other hand, no delay in cell cycle was observed in the gastric epithelium of fasted suckling rats (4), in agreement with the stimulatory effect of fasting on the stomach (4) .
When studying the expression of intestinal enzymes, Nsi-Emvo et al. (12) observed epithelial cell proliferation in food-deprived and control suckling rats aged 12 and 13 days. [ 3 H]-thymidine incorporation into DNA did not differ between control and 16 h fooddeprived rats, and crypt-villus height was similar in both groups. Yet, it should be noted that the use of mucosal scrapings and liquid scintillation spectrometry may not be the best method to estimate cell proliferation (22) . However, in an autoradiographic study, cell migration showed a significant reduction in starved rats (12) . Both decreased cell migration rate and DNA synthesis have only been described in the intestine of fasted neonatal rabbits, which also showed some regional differences (23) .
No differences in LI or villus height were observed during the weanling period, indicating different control mechanisms during this stage of development. The small intestine of the rat undergoes a process of ontogenetic changes and maturation associated with weanling. During the first two weeks of postnatal life, when the rats are only suckling, high levels of lactase activity are detectable in their intestines (24) . The fall in lactase activity coincides with the increase of sucrase-isomaltase activity during the third week of life, which corresponds to the weanling time (25) . These maturation changes have been correlated with enhanced glucocorticoid levels (26) and increased epithelial cell migration rate (26) . We have shown that plasma corticosteroid levels are highly elevated in food-deprived rats aged 18 and 22 days (27) . However, administration of corticosterone inhibited epithelial proliferation of the stomach of fed suckling rats (27) but no effect could be demonstrated in the small intestine (28) . Higher levels of corticosterone were also obtained for suckling milkdeprived rats receiving prostaglandin E 2 (PDGE 2 ) (29). These investigators demonstrated that PDGE 2, which is present in milk, induced a significant increase in crypt depth. However, proliferative activity was not measured (29) .
Many other factors and hormones are found in milk and there is a growing interest in the determination of their function in the epithelia of the gastrointestinal tract. Thus, it is worthwhile to check the effects of milkrestriction, as we did in the present study. We cannot explain why the stomach and the other organs of the gastrointestinal tract differed in their proliferative responses to food restriction in suckling rats, but we may suggest that the factors controlling the G 1 -S transition during the cell cycle in the stomach are not the same in the esophagus and small intestine, or may have been elicited only in the stomach. Another interesting and correlated difference between digestive organs may be the difference in protein synthesis found during development in the gastrointestinal tract of fasted rats. Burrin et al. (30) demonstrated that food deprivation decreases protein synthesis in the intestine but not in the stomach of suckling rats.
In conclusion, the present results describe the hypoproliferative responses to milk deprivation in the esophagus and small intestine of suckling rats, and the absence of response during the weanling period. We also conclude that the proliferative responses of the gastrointestinal tract cannot be generalized due to regional differences, since the stimulatory effect of milk deprivation on cell kinetics was specific for the gastric mucosa of suckling rats.
